Coordinate expression of piretanide receptors and Na+,K+,Cl- cotransport activity in Madin-Darby canine kidney cell mutants.
Two receptor sites for [3H]piretanide, a sulfamoylbenzoic acid loop diuretic, have been identified in intact Madin-Darby canine kidney cells, an epithelial cell line derived from dog kidney. The two receptor sites differed in their affinity for piretanide (KD1 = 2.1 +/- 1.4 nM and KD2 = 264 +/- 88 nM) and the maximal number of sites (Bmax1 = 11 +/- 4 and Bmax2 = 120 +/- 80 fmol/mg of protein). Madin-Darby canine kidney cells are known to possess a tightly coupled and highly cooperative Na+,K+,Cl- cotransporter which is sensitive to loop diuretics. Under ionic conditions identical to those used to study piretanide binding (30 mM Na+, 30 mM K+, 30 mM Cl-), the Ki for inhibition of the initial rate of 86Rb+ uptake by piretanide was 333 +/- 92 nM, a value not significantly different from the KD of the low affinity receptor site. [3H]Piretanide binding to three low K+-resistant mutants derived from this cell line was also studied. These mutants had been previously characterized as being partially or completely defective in Na+,K+,Cl- cotransport activity (McRoberts, J. A., Tran, C. T., and Saier, M. H., Jr. (1983) J. Biol. Chem. 258, 12320-12326). One of these mutants had undetectable levels of Na+,K+,Cl- cotransport activity and low to undetectable levels of specific piretanide binding. The second mutant had low but measurable levels of cotransport activity (11% of the wild-type levels) and displayed very low affinity (KD approximately 8000 nM) specific piretanide binding. In the third mutant, expression of Na+,K+,Cl- cotransport activity and both piretanide receptors was cell density-dependent. Subconfluent to just-confluent cultures of this mutant lacked detectable cotransport activity as well as specific piretanide binding, whereas very dense cultures displayed both piretanide receptors and had intermediate to nearly normal levels of cotransport activity. These results demonstrate that the Na+,K+,Cl- cotransporter is a receptor for loop diuretics, but they also raise questions about the functional significance of the two piretanide receptor sites.